Abstract: Bombyx mori nucleopolyhedrovirus (BmNPV) orf4 has been shown to be expressed at very early stage of Bm-NPV infection cycle. In this study, using transient expression experiment, we demonstrated for the first time that orf4 promoter is an immediate early promoter, indicating that orf4 may play a role in the immediate-early stage of BmNPV infection. Moreover, with the recently developed Bac-to-Bac/BmNPV baculovirus expression system and a modified pFastBac1 whose polyhedrin promoter was replaced with orf4 promoter, a recombinant bacmid baculovirus expressing enhanced green fluorescent protein (EGFP) under the control of orf4 promoter in Bombyx mori (Bm) cells was successfully constructed. The result not only showed that the polyhedrin promoter can be replaced easily with other promoters to direct the expression of foreign genes by using this novel system but also laid the foundation for the rescue experiment of orf4 deletion mutant.
Introduction
The Baculoviridae is a large family of viruses that infect invertebrates, particularly insects of the order Lepidoptera (Wang & Zhang 2006) . Bombyx mori nucleopolyhedrovirus (BmNPV), a member of the Baculoviridae, has a genome of 128 kb that encodes approximately 136 genes, and functions of many of these genes are still unknown, including orf4 (nt 3248-4270 of the GenBank Accession No. NC 001962), which is 1023 bp in size (Gomi et al. 1999) . Using BLAST in NCBI, we found that orf4 and open reading frame 11 of Autographa californica nucleopolyhedrovirus share 96% identity in nucleotide sequence and have their homologues in three other baculoviruses, including Plutella xylostella multiple nucleopolyhedrovirus, Rachiplusia ou multiple nucleopolyhedrovirus and Maruca vitrata multiple nucleopolyhedrovirus. However, functions of these homologues have not been characterized, either. Furthermore, no conserved motif has been found in the predicted amino acid sequence of the orf4 gene product.
In our previous study (Su et al. 2008) we showed that orf4 is non-essential for BmNPV propagation in cultured Bombyx mori (Bm) cells and that orf4 gene product is localized primarily in the nucleus of infected Bm cells. In the promoter region of orf4, there exists an early promoter motif (TATA box followed by CAGT motif 20-25 bp downstream), which is consistent with the fact that orf4 is expressed at very early stage in Bm cells transfected with BmNPV DNA (Gomi et al. 1999; Iwanaga et al. 2004) . However, it is still unknown whether the orf4 promoter is an immediate early promoter or a delayed early promoter.
According to the time of activation and the requirement for viral products as activators, the promoters of baculovirus genes can be divided into four types: immediate early, delayed early, late and very late promoters (Blissard & Rohrmann 1990) . While immediate early promoters are able to drive transcription without previous expression of other viral genes, delayed early promoters need prior expression of viral factors for their activation, and late and very late promoters are activated after replication of the virus genome (Durantel et al. 1998) .
Recently, Bac-to-Bac/BmNPV baculovirus expression system has been developed (Motohashi et al. 2005) . In this system, recombinant bacmid baculoviruses were generated by site-specific transposition in E. coli which needs no more than 10 days due to the elimination of multiple rounds of purification of viruses, and the Bm-NPV bacmid system can be applied in Bm cell lines and silkworm. Some recombinant proteins have been produced in Bm cell lines or silkworms under the control of polyhedrin promoter by using this novel system, such as spider flagelliform silk protein and superoxide dismutase Yue et al. 2006) . However, there is no recombinant protein reported to be produced under the control of promoters other than polyhedrin promoters by using this system.
To find out whether the orf4 promoter is an immediate early promoter or a delayed early promoter, to investigate the feasibility of utilizing other promoters to drive the expression of recombinant proteins by using this system, and thus to lay the foundation for the rescue experiment of orf4 deletion mutant, a transient expression experiment was carried out and a recombinant bacmid baculovirus expressing enhanced green fluorescent protein (EGFP) under the control of orf4 promoter in Bm cells was constructed.
Material and methods
Materials pFastBac1 and the E. coli DH10Bac/BmNPV were supplied by Prof. E.Y. Park and Prof. K. Maenaka (Motohashi et al. 2005) . pBacPAK-EGFP was constructed previously (unpublished). FuGENE 6 transfection reagent was the product of Roche Applied Science, USA. The Grace's insect cell culture medium (GIBCO) was purchased from Invitrogen.
Cell line
Bm cell line, originated from ovary, was preserved in our laboratory and cultured at 27
• C with GIBCO medium supplemented with 10% fetal bovine serum.
Construction of recombinant donor plasmid pFastBac-4p-EGFP
With BmNPV genomic DNA as template, orf4 promoter (nt 4270-5039 of GenBank Accession No. NC 001962) was PCR amplified by using the following primers: forward: 5'-CGATACGTAAGCGATCAAGTTTACCATT-3'; and reverse: 5'-GTTGGATCCGTTGTCAGTAAGGCAATGAT-3' (SnaBI and BamHI sites are underlined). The PCR conditions were 1 cycle at 94 • C for 10 min. According to Lin & Blissard (2002) , to replace polyhedrin promoter with orf4 promoter, pFastBac1 was digested with SnaBI and BamHI, removing a 153-bp fragment containing polyhedrin promoter, and then ligated with SnaBI-BamHI-digested orf4 promoter, to generate pFastBac-4p. EGFP gene ORF was excised from pBacPAK-EGFP by digestion with BamHI and KpnI, gelpurified and then ligated with pFastBac-4p which was previously digested with the same restriction enzymes to generate pFastBac-4p-EGFP.
Construction and isolation of recombinant bacmid pFastBac-4p-EGFP was transformed into E. coli DH10Bac/ BmNPV where transposition occurred. After a 6-h incubation at 37
• C in SOC medium, transformed cells were plated onto Luria-Bertani medium containing 50 µg/mL of kanamycin, 7 µg/mL of gentamicin, 10 µg/mL of tetracycline, 100 µg/mL of Bluo-gal, and 40 µg/mL of isopropyl-β-D-thiogalactopyranoside. Plates were incubated at 37
• C for a minimum of 24 h. White colonies resistant to kanamycin, gentamicin, and tetracycline were selected, streaked onto fresh plates to verify the phenotype. Bacmid DNA was isolated by using the FlexiPrep kit (Amersham Pharmacia Biotech) and then analyzed by PCR with the M13 forward and M13 reverse primers. The PCR conditions were 1 cycle at 94 
Results
Generation of pFastBac-4p-EGFP 1039-bp orf4 promoter was PCR amplified from Bm-NPV genomic DNA (Fig. 1, lane 4) . FastBac-4p-EGFP digested with BamHI and KpnI generated pFastBac4p (5661 bp) and EGFP (720 bp) ( Fig. 1 lane 2) . When digested withSnaBI and BamHI, pFastBac-4p-EGFP generated pFastBac-EGFP (5342 bp) and orf4 promoter (1039 bp) instead of 153-bp fragment ( Fig. 1  lane 3) . The results showed the successful construction of pFastBac-4p-EGFP.
Identification of recombinant bacmid
Recombinant bacmid DNA is greater than 128 kb in size, so restriction analysis is difficult to perform with DNA of this size. Therefore, PCR analysis was used to identify recombinant bacmid. The bacmid contains M13 forward (-40) and M13 reverse priming sites flanking the mini-attTn7 site within the lacZα-complementation region to facilitate PCR analysis. Accordingly, PCR product of non-recombinant bacmid was about 300 bp (Fig. 2, lane 3) , and PCR product of the recombinant bacmid was about 3.2 kb (2300 + (1039 -153)) plus the size of the insert. Therefore, PCR product of the recombinant bacmid, the bacmid transposed with pFastBac4p-EGFP, was about 3.9 kb (Fig. 2, lane 2) .
Identification of orf4 promoter as an immediate early promoter
In order to determine orf4 promoter is an immediate early promoter or a delayed early promoter, pFastBac4p-EGFP was transfected into Bm cells without the addition of BmNPV, and fluorescent signal was observed at 72 h post transfection (Fig. 3B) . The ability of orf4 promoter to drive the expression of EGFP without the help of viral factors as well as the expression of orf4 at very early stage of BmNPV infection cycle (Iwanaga et al. 2004) showed that orf4 promoter is an immediate early promoter.
Expression of EGFP under the control of orf4 promoter in Bm cells transfected with the recombinant bacmid DNA At 72 h post transfection, Bm cells transfected with the recombinant bacmid DNA showed signs of infection, such as detachment of cells from the disk and rounding of cells (Fig. 4A) . To detect the expression of EGFP, these cells were examined by fluorescent microscope under blue light illumination. Fluorescent signal was detected in most of the cells (Fig. 4B) , showing the successful expression of EGFP under the control of orf4 promoter in Bm cells.
Discussion
In this study, we demonstrated for the first time that orf4 is an immediate early gene. Immediate early genes, such as ie1 can transactivate delayed early genes or promote their expression. For example, ie1 can transactivate p143 helicase gene, a delayed early gene, while two other immediate early genes, ie-N and pe38, can promote the expression of p143 helicase gene (Lu & Carstens 1993) . The non-essential role of orf4 gene product and its nuclear localization suggest that orf4 may also play a role in promoting the expression of some delayed early genes.
From Figures 3B and 4B , it can be seen that Bm cells transfected with pFastbac-4p-EGFP showed much stronger fluorescent signal than those transfected with recombinant bacmid DNA. It might be explained by the following reasons. According to Iwanaga et al. (2004) , expression level of orf4 peaks at 6 h post transfection when viral DNA replication may not start and decreases thereafter in Bm cells transfected with BmNPV DNA, indicating that the activity of the orf4 promoter is inhibited in late stage of BmNPV infection cycle. However, in Bm cells transfected with pFastbac-4p-EGFP, the activity of orf4 promoter is not inhibited due to the absence of BmNPV infection, giving the orf4 promoter longer time to drive the expression of EGFP. Furthermore, plasmid can be more easily transfected into Bm cells than bacmid due to much smaller size of the former, and thus the number of orf4 promoter in Bm cells transfected with pFastbac-4p-EGFP may be much more than that of those transfected with recombinant bacmid DNA.
When deleting a baculovirus gene, we commonly construct a repair virus by inserting a copy of the deleted gene under the control of its native promoter into the polyhedrin locus of the deletion mutant so as to confirm that the observed phenotype resulted from the deletion, not from second site mutations that may arise in other genes during the construction of the deletion mutant (Lin & Blissard 2002) . By replacing polyhedrin promoter of pFastBac1 with orf4 promoter, we successfully constructed a recombinant bacmid baculovirus expressing EGFP under the control oforf4 promoter in Bm cells (Fig. 4B) , showing that we can use the modified pFastBac1 to construct repair virus. In addition, the ease of replacing polyhedrin promoter with the promoter of interest by using this novel Bac-toBac/BmNPV baculovirus expression system and the ability of BmNPV bacmid baculovirus to infect Bm cells and silkworms will greatly facilitate promoter-related studies performed in Bm cell lines and silkworm. For example, we can use this system to study the activity of promoters of silkworm genes in different tissues, especially those tissue-specific promoters, by constructing recombinant bacmid baculoviruses expressing EGFP under the control of promoters of silkworm genes, because after the infection of silkworms with the constructed recombinant bacmid baculoviruses, the activity of promoters in different tissues can been estimated roughly through EGFP fluorescent signal.
